Dietary salt intake has been reported to be associated with cardiovascular disease (CVD). However, there were few studies that assessed the relationship of salt preference with CVD. We examined the association between salt preference and the incidence of CVD and its subtypes in a Japanese general population. Based on the prospective Jichi Medical School Cohort Study, data were analyzed from 11,394 eligible participants. A baseline survey of the preference for salt was obtained by questionnaire and health examinations from April 1992 through July 1995 in 12 communities in Japan. The participants were followed up until December 2005 (mean follow-up period, 10.7 ± 2.4 years). Subjects were divided into three categories according to their preference for salt: favor, so-so, and disfavor. A Cox proportional hazards model was used to calculate hazard ratios (HRs) of the incidence of CVD according to the preference categories. We observed 485 cardiovascular events (258 in men and 227 in women). Among the men, the multivariable adjusted HRs for incidence of myocardial infarction and subarachnoid hemorrhage for favor versus so-so salt preference were 0.34 (95% confidence interval, 0.17 -0.71) and 7.10 (0.88 -56.84), respectively. * Corresponding author.
Introduction
Cardiovascular diseases (CVD), such as coronary heart disease (CHD) and stroke, are common causes of death and disabilities for elders in developed countries, including Japan, after hypertension and atherosclerosis. An estimated 17.5 million people died from CVD in 2012 (31% of all global deaths). Tobacco use, unhealthy diet and obesity, physical inactivity and harmful use of alcohol, diabetes and hyperlipidemia, hypertension and atherosclerosis are established risk factors for CVD. One of main causes on hypertension is much more salt intakes. Salt intakes influence individual salt preferences strongly [1] .
Excessive salt intake affects the incidence and prevalence of hypertension, and subsequently influences the prevalence of cardiovascular disease (CVD) [2] . High salt intake has also been associated with increased CVD mortality and incidence [3] - [6] . The Japanese are known to have higher salt intake than many other populations [7] . In Japan, the mean salt intake among adults was 10.2 g per day (men, 11.3 g per day; women, 9.4 g per day) according to a national nutrition survey in 2013 [8] . Now, a new goal has been set to improve the level of salt intake among Japanese to within 8 g per day [9] . Therefore, dietary sodium restriction must be recommended to a considerable number of people. It is important to estimate salt intake and advice participants who consume excessive amounts of salt to reduce their salt intake. In general, daily salt intake may be estimated by a food frequency questionnaire or by measurement of 24 hour urinary sodium excretion [10] . However, both methods seem inconvenient for general use in mass screening. For these reasons, at health check-up centers or outpatient clinics, salt intake is usually estimated by a questionnaire on salt preference [11] [12] .
Salt preference is thought to be associated with salt intake [13] . In a prospective study that examined the relationship between salt preference and CVD, salt preference was significantly positively associated with dietary sodium intake. Compared to the low salt preference group, the high salt preference group showed a relation to higher mortality from stroke [11] . However, few researches have attempted to assess the effects of salt preference on CVD. We could find no studies that clarified the relationships between salt preference and mortality from subtypes of CVD. As far as we know, no previous studies have reported an association of salt preference with the incidence of CVD and its subtypes.
Therefore, the aim of this study was to clarify the relationships between salt preference and the incidence of CVD and CVD subtypes using about 10 years of follow-up data from a large-scale prospective population-based cohort study conducted in Japan.
Subjects and Methods

Subjects
The Jichi Medical School (JMS) Cohort Study is a population-based prospective study that was started in 1992 to investigate the risk factors for CVD in 12 rural areas in Japan. A total of 12,490 people (4911 men and 7579 women) were enrolled in this study. Mass screening examinations for CVD have been conducted in Japan since 1982 under the direction of the Health and Medical Service Law for the Aged, and we used this system to collect the data. The baseline data were obtained from April 1992 through July 1995. Baseline examinations consisted of physical and blood examinations and a self-administered questionnaire. A detailed description of the standardized collection of baseline examinations was published previously [14] .
Among the 12,490 participants, 95 (0.8%) declined follow-up and 7 (0.06%) could not be contacted after baseline examination, after which 12,388 subjects (4869 men and 7519 women) remained. We excluded partic-ipants with a history of CVD (96 men and 74 women) and those with missing data on salt preference (356 men and 468 women). Ultimately, 11,394 subjects (4417 men and 6977 women) were analyzed in the present study. Written informed consent to participate in the study was obtained individually from all of the participants in the mass screening. This study was approved by the Institutional Review Board of Jichi Medical School.
Baseline Examination
The health checkup was carried out in all 12 communities using same protocols. The body height of all participants was measured without shoes. Body weight while fully clothed was recorded; 0.5 kg in summer or 1 kg in other seasons was subtracted from the recorded weight. Body mass index (BMI) was calculated as weight (kg)/ height (m) 2 . Systolic blood pressure (SBP) and diastolic blood pressure (DBP) at baseline were measured with a fully automated sphygmomanometer (BP203RV-II; Nippon Colin, Komaki, Japan), which was placed on the right arm of the participant after resting for at least 5 minutes in a sitting position. Serum cholesterol concentration was measured by taking a blood sample from the antecubital vein of the seated participants. Total cholesterol was measured using an enzymatic method, and high density lipoprotein cholesterol (HDL-C) was measured using the phosphotungstate precipitation method (Wako, Osaka, Japan; inter-assay coefficient of variation, 1.5%).
Information on age, lifestyle, and medical history was obtained from responses to the baseline questionnaire. Salt preference was ascertained with the following question: "Do you like salty foods?" Participants answered with 1 of 5 multiple choice options: "highly favor", "favor", "so-so", "moderately disfavor", or "disfavor". Subjects were divided into three categories of salt preference according to their response: favor: "highly favor" or "moderately favor"; so-so: "so-so"; and disfavor: "moderately disfavor" or "disfavor".
Smoking habit and alcohol drinking habit were determined from the baseline questions on current smoking and current drinking. Histories of hypertension, diabetes, and hyperlipidemia were determined from questions on the medical history of each illness. Response to the number of years of education was in terms of consecutive years; the response was then categorized as ≥9 years or <9 years.
Follow-Up
The national mass screening system used to obtain the baseline data for the JMS Cohort Study was also used to follow the subjects each year. Subjects were asked whether they had a history of CVD after enrolling. Follow-up was conducted from 1995 to 2005. The mean follow-up period ± standard deviation (SD) was 10.7 ± 2.4 years. Subjects who did not attend a follow-up examination were contacted by mail or telephone. If an incident case of stroke or myocardial infarction (MI) was suspected, those subjects with such histories were asked when and which hospital they visited. Medical records pertaining to stroke and MI were checked if the subjects were hospitalized for any reason, and incident cases were recorded. If both MI and stroke had occurred during the follow-up period, each of the endpoints of stroke and MI was counted as the first for each disease. The CVD endpoint was defined as stroke or MI, whichever occurred first. Death from CVD was also included in the CVD incidence data. Information on death was obtained from death certificates, which were collected at public health centers with the official permission from the Japanese Ministry of General Affairs and the Ministry of Health, Labour and Welfare until the end of 2005. Data on subjects who moved out of the study area during the follow-up period were obtained annually from the municipal government.
Diagnostic Criteria
If a CVD event was suspected, we requested duplicate images from computed tomography or magnetic resonance imaging (in cases of stroke) or electrocardiograms (in cases of MI). The diagnoses were determined independently by a diagnosis committee in the JMS Cohort Study Group composed of a radiologist, a neurologist, and two cardiologists. Criteria for stroke were a focal and nonconvulsive neurological deficit of sudden onset persisting longer than 24 hours. Stroke subtypes were categorized as cerebral hemorrhage, cerebral infarction, or subarachnoid hemorrhage (SAH) according to the criteria of the National Institute of Neurological Disorder and Stroke [15] . MI was diagnosed according to the criteria of the World Health Organization Multinational Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) Project [16] .
Statistical Analysis
All analyses were conducted according to subject gender. Descriptive parameters are shown as the mean, standard deviation, or proportion (%). We compared characteristics between salt preference groups by the chi-square test or one-way analysis of variance. Finally, Cox proportional hazards models were used to calculate hazard ratios (HRs) with 95% confidence intervals (CIs) for the incidence of CVD according to salt preference, after adjusting for age, smoking habit, alcohol drinking habit, history of hyperlipidemia, and years of education (HR-all * ) for men, and after adjusting for age, smoking habit, and alcohol drinking habit, BMI, HDL-C, and years of education (HR-all † ) for women, which were considered to be potential confounding factors. HRs of each incidence of stroke, stroke subtypes, and MI were calculated by same statistical models. All p values were two-tailed, and a probability value < 0.05 was considered statistically significant. All analyses were performed using the Statistical Package for Social Science (SPSS) for Windows, version 16.0 (SPSS Inc., Japan).
Results
During a mean follow-up period of 10.7 years, we documented 485 CVD events (258 in men, 227 in women): 415 strokes (210 in men, 205 in women), including 264 cerebral infarctions (150 in men, 114 in women), 94 hemorrhagic strokes (47 in men, 47 in women), and 56 SAHs (13 in men, 43 in women), and 76 MIs (52 in men, 24 in women).
The baseline characteristics of the subjects by salt preference group are shown in Table 1 . In both men and women, favor salt preference was positively associated with smoking (p < 0.01 for men; p = 0.01 for women) and alcohol drinking (p < 0.01 for men; p = 0.02 for women). Among the men, those in the favor salt preference group tended to be younger, more highly educated (both, p < 0.01), and less likely to have hyperlipidemia (p = 0.04). Among the women, those in the favor salt preference group tended to be older, less well educated (both, p < 0.01) and more likely to have both a higher incidence of CVD (p = 0.046) and higher BMI (p < 0.01) and a lower serum concentration of HDL-C (p < 0.01).
The incidence and HRs for CVD by salt preference category are shown in Table 2 . After adjustment for age, there were no significant associations between salt preference and CVD or total stroke among the men. Our data showed 11 MIs, and the HR for MI was significantly lower in the favor salt subjects compared with so-so subjects (HR, 0.34; 95% CI, 0.17 -0.68). After further multiple adjustment for smoking status, alcohol drinking status, history of hyperlipidemia, and years of education, the HR for MI was 0.35 (0.17 -0.71). Among women, the HR for CVD was significantly higher in the favor salt subjects compared with the so-so subjects (HR, 1.41; 95% CI, 1.02 -1.95) after adjustment for age. After further adjustment for smoking status, alcohol drinking status, BMI, HDL-C, and years of education, the HR was 1.15 (0.81 -1.63). The HR for total stroke was also high (1.36; 95% CI, 0.97 -1.91) in the favor salt subjects among women. After multivariate adjustment (HR-all † ), HR was 1.08 (0.74 -1.57). No significant association was found between salt preference and MI in the women, although a significant association was found in the men.
We also analyzed the respective association between salt preference and the incidences of stroke subtypes ( Table 3) . Among the men, there were 9 SAHs, and the HR was 8.09 (1.02 -63.84) in the favor salt subjects after adjustment for age. After multivariate adjustment (HR-all * ), the HR of SAHs was 7.10 (0.88 -56.84). Among the women, age-adjusted HRs for cerebral hemorrhage and cerebral infarction were 1.79 (0.87 -3.71) and 1.40 (0.89 -2.19), respectively, in the favor salt subjects. After multivariate adjustment (HR-all †), HRs were 1.59 (0.74 -3.44) and 1.07 (0.65 -1.78), respectively.
Discussion
We investigated the association between salt preference and the incidence of CVD in a Japanese general population. We found that salt preference was positively associated with an increased risk of SAH and a decreased risk of MI in men. For women, salt preference was positively associated with an incidence of CVD after age-adjustment. HRs for incidences of cerebral hemorrhage and cerebral infarction were also higher, although not with significance. To our knowledge, this study is the first prospective study to provide evidence of the relationship of salt preference with the incidence of stroke.
We found that salt preference was associated with an increased incidence of CVD in the women. We examined CVD incidence data rather than mortality data as endpoints. Because the incidence of CVD occurs earlier than that of mortality, our study was significant in that we captured the risk of CVD at an earlier stage. With respect to Japanese studies, the Japan Collaborative Cohort Study for Evaluation of Cancer Risk (JACC Study) reported an association between salt preference and mortality from stroke among Japanese men and women [11] . In that study, subjects were divided into three categories according to their preference answer. Compared to the low salt preference group, the salt preference group was associated with higher mortality from stroke after 16.4 years of follow-up: The multivariable HRs for CVD were 1.05 (0.92 -1.20) for men and 1.05 (0.92 -1.19) for women. HRs for stroke were 1.21 (0.99 -1.49) for men and 1.22 (1.00 -1.49) for women. It is possible that the discrepancies in the results between the JACC Study and our study were due to differences in the number of participants, follow-up period, and examination end points. Our study suggested the possibility that salt preference was associated with the stage of CVD incidence rather than mortality, with gender differences.
High salt preference may result in a long-term, high-sodium intake, then leading to high blood pressure and an increased risk of CVD. Several previous studies reported positive associations between salt preference and salt intake [12] [17] [18] and between salt intake and the incidence of CVD or mortality [3] - [6] . Several explanations for the associations between sodium intake and CVD have been put forward. High salt intakes influence CVD by altering left ventricular mass [19] or increasing blood flow and vascular reactivity [20] [21] . In our study, the incidence of CVD was high for women. Our targets among women were almost local residents. So, the incidence of CVD may be slightly higher than the previous study. For women, high salt preference tended to be less well educated. Therefore, subjects with high salt preference may have behavioral risk factors, leading to higher risk of CVD in the women. Accordingly, women with a high salt preference may intake much more salt than those with a low salt preference. Further investigations are necessary to clarify sex difference in cardiovascular risk factors.
In our study, favor salt preference was positively associated with smoking and alcohol drinking in both men and women. The men in the favor salt preference group tended to be younger and more highly educated, whereas the women in the salt preference group tended to be older, less well educated, and more likely to have a higher BMI and lower serum concentration of HDL-C. Despite these results, salt preference was not associated with CVD risk factors such as SBP, DBP, and a history of hypertension. Our results suggest that salt preference may be one of the risk factors of premature CVD. It is also possible that some people with a high salt preference developed hypertension that led to CVD during the follow-up period. Among the women, salt preference was associated with the incidence of CVD after age adjustment. After adjustment for smoking status, alcohol drinking status, BMI, HDL-C, and years of education, the risk of CVD was attenuated. Accordingly, the influence of common risk factors on CVD incidence was strong for women, and salt preference may reflect accumulation of confounding risk factors except for age. These common factors can be self-managed and self-controlled. People indicating a high salt preference in the detailed interview during health check-ups should be recommended to practice adequate health behavior for the prevention of CVD in daily life, especially for women.
Salt preference and food intake are affected by socioeconomic and psychophysiological factors such as recent dietary habit, culture, and income [22] [23] . Taste preferences are acquired early in life through the process of choosing foods and actual salt intake [24] . Lampure et al. reported that as a new pathway without a common route that leads to CVD, salt preference was associated with uncontrolled eating behavior [25] , which is the tendency to lose control over eating when hungry or when exposed to external stimuli. A previous study showed that binge eating was associated with a higher incidence of a new diagnosis of dyslipidemia, any metabolic syndrome component (hypertension, dyslipidemia, or type 2 diabetes), and two or more components of metabolic syndrome after 5 years of follow-up [26] . Thus, eating disorders such as uncontrolled eating behavior can result in a relationship between salt preference and the occurrence of CVD.
In our study, salt preference tended to be inversely associated with the incidence of MI in the men. Our results are similar to those of a previous study [11] although the reason for this cannot be fully explained. The decreased risk of MI associated with high salt preference might reflect the beneficial cardiovascular effects of the intake of n -3 polyunsaturated fatty acids and isoflavones in the inhibition of platelet aggregation, lowering of blood pressure, and modulation of the inflammatory system [27] [28] . For the men in the present study, the low incidence of MI and the high incidence of SAH were based on a small number of incident cases. Thus, there was wide range of 95% CIs for the point estimates.
For women, salt preference may reflect common risk factors that will cause CVD in the future and other unknown factors such as eating behavior in an earlier stage of life. Especially in women, early assessment of salt preference may be effective in reducing the incidence of CVD. For subjects with high salt preference, early intervention may be able to prevent excessive salt intake and uncontrolled eating behavior in the future.
Our study has several strengths. First, it was conducted as a large-scale multicenter cohort study. In addition, we investigated the incidence of not only CVD but also stroke subtypes as endpoints. However, there were several limitations. First, the follow-up period was shorter, and second, the numbers of subjects with an incidence of CVD were less than those of a previous study [11] . Third, estimated salt intake is not measured quantitatively. It is unclear whether the salt preference questionnaire reflects the responder's actual salt intake. Fourth, the participants were recruited through a mass screening program, and therefore, their concern for health may exceed that of the general population, which could result in differences in salt intake and other behavioral profiles. Finally, we were unable to control for other potential confounders such as nutrient factors and income.
Conclusion
We found that salt preference was positively associated with an increased risk of the incidence of SAH in men after multivariate adjustment and in CVD in women after adjustment for age. As with other common risk factors for CVD, assessing salt preference may lead to the prevention of CVD because such assessment may help to prevent excessive salt intake and uncontrolled eating behavior in the future. These tendencies may apply especially to women.
